ABSTRACT: The timing of reproduction was investigated in 15 colonies of Montastraea annularis located on the Port Royal Cays, Jamaica. Spawning occurred between Days 6 and 8 after August's and/or September's full moon. In the 14 wk prior to spawning, mean total gonad size increased from 0.30 ± 0.17 to 34.38 ± 13.20% of the polyp cross-sectional area. Gonad size was significantly correlated with temperature and light intensity, but was not correlated with photoperiod or rainfall. Spawning occurred in the month prior to the period of heaviest rainfall, when temperatures were at their maximum. A meta-analysis of spawning time and climatic conditions at 19 other geographical locations also showed that spawning occurs in those periods without heavy rainfall in which temperatures are warmest. The data presented here suggest that temperature is not the only environmental variable controlling the annual timing of coral spawning. Rather, the time of coral spawning is controlled by a combination of temperature and rainfall. 
INTRODUCTION
Broadcast spawning coral species often participate in synchronized mass spawning events, i.e. simultaneous spawning by many species over a few nights (Harrison et al. 1984) . Synchronized mass spawning has the advantages of increasing the chances of fertilization, cross-fertilization and genetic mixing between colonies (with fertilization taking place at the 2-dimensional ocean surface), and of reducing overall predation (by predator satiation; Oliver et al. 1988) . The disadvantages of synchronized spawning include the possible formation of non-viable, inter-species hybrids during the period of fertilization (Willis et al. 1985 , Oliver et al. 1988 , exposure of all gametes to adverse weather conditions at the surface, and transportation of gametes and larvae from their reef of origin by strong surface currents (Veron 1995 , Wolanski & Sarsenski 1997 ).
The timing of annual coral spawning events varies geographically (with spawning events reported in every month of the year at different locations around the world; Table 1 ) but is consistent and predictable at any particular location (Harrison & Wallace 1990 ). However, spawning may not even be annual, and is not always as synchronized as the Australian spawning events which were the first to be reported (Harrison et al. 1984 , Babcock et al. 1986 ). For example, in Japan synchronous multispecies spawnings occur over several months from May until September (Heyward et al. 1987) , while in Hawaii and the Red Sea many species have separate spawning times staggered throughout the summer (Hodgson 1985 , Schlesinger & Loya 1985 , Heyward 1986 ). Corals which deviate from annual periodicity include several species in Papua New Guinea that show evidence of bi-annual spawning, with 2 gametogenic cycles a year (Oliver et al. 1988 ). Bi-annual spawning has also been found in 3 species of Montipora at Magnetic Island on the Great Barrier Reef, in which the first spawning occurs in October and the second in March (Stobart et al. 1992 ).
The timing of spawning has, from the earliest reports on the Great Barrier Reef (Harrison et al. 1984 , Babcock et al. 1986 ), been interpreted with respect to the 3 principal determinants of reproduction time known for other marine invertebrates: annual temperature variation, lunar cycles, and the diurnal light cycle (Korringa 1947 , Giese & Pearse 1974 . Babcock et al. (1986) found that on the Great Barrier Reef these spawning-control factors operate at successively finer time scales, with sea temperature controlling the time of year, monthly lunar or tidal cycles controlling the time of month, and diurnal light cycles controlling the hour of spawning. Oliver et al. (1988) considered these factors to be proximate (i.e. they provide reliable timing signals to synchronize spawning) rather than ultimate (i.e. selective pressures responsible for the evolution and persistence of the spawning phenomena). According to Oliver et al. (1988) , the ultimate factor underlying the timing signal of water temperature (spawning on the Great Barrier Reef occurred during periods of increasing water temperature) is sufficient time for the maturation of gonads. The ultimate factor underlying the lunar or tidal cycles (spawning occurred at low amplitude neap tides) is the increased possibility of fertilization at a period of low water motion and low water volume. The ultimate factor underlying diurnal light cycles (spawning occurred after sunset, during the week after full moon when the moon is rising later at night) is reduction in the exposure of the gametes to predators.
While coral spawning, at any geographical location, never occurs at the low end of the annual temperature range, the relationship between spawning and environmental temperature is inconsistent. For example, a study by Simpson (1985) concluded that seasonal changes in sea temperature do not control coral spawning because the timing of gametogenesis and spawning differs between populations of the same species on the east and west coast of Australia (spawning in spring and autumn, respectively), despite the fact that they experience similar seasonal temperature patterns. Additionally, in Japan spawning occurs not only during periods of rising temperatures, but also during periods of maximum and declining water temperature (Hayashibara et al. 1993 , Sakai 1997 . There are even exceptions to the predominant annual spawning pattern on the Great Barrier Reef. For example, 4 species of Turbinaria on Heron Island have been found to spawn in autumn (when temperatures are decreasing) not spring (Harrison et al. 1984 , Willis et al. 1985 , and 3 species of Montipora spawn bi-annually, in spring and autumn, at Magnetic Island (Stobart et al. 1992 One seldomly examined environmental factor that might account for the variation in annual timing of spawning events in different parts of the world is rainfall. Rainfall decreases salinity, particularly at the surface, so that gametes might be released into a surface layer of lowered salinity. Laboratory experiments designed to test the effects of salinity on fertilization and larval development in corals have found an 86% decrease in fertilization rate with a 20% decrease in salinity (from 35 to 28 ‰; Richmond 1993) . With the addition of sediment to the water (as might be found in river run off after rainfall), a mere 6% drop in salinity was all that was needed to cause an 86% decrease in fertilization rate (Richmond 1993) . Rainfall at the time of spawning could thus greatly reduce reproductive success, an important condition for any environmental variable to exert selection pressure, and therefore serve as an ultimate factor. For example, in November 1981, all coral gametes and larvae on the water surface at Magnetic Island were destroyed by heavy rainfall (Harrison et al. 1984) . Laboratory experiments have also shown that lowered salinity decreased larval survival and the settlement rate of planulae in corals (Richmond 1993 (Richmond , 1996 .
The first aim of the present study (the first to document coral spawning in Jamaica) was to investigate gonad maturation and spawning in Montastraea annularis (a hermaphroditic, broadcast spawning coral species, with an annual protogynous gametogenic cycle that lasts approximately 20 wk; Szmant 1986 Szmant , 1991 in relation to the traditional environmental factors of temperature and light, as well as to the less examined factor of rainfall. Secondly, we compared the relationship between spawning time and climatic conditions in Jamaica with those found at other geographical locations by meta-analysis of published accounts of spawning time at 19 other locations.
MATERIALS AND METHODS
Study site and sampling methods. This study was conducted at 2 reef locations (Drunkenmans Cay and South East Cay) within the Port Royal Cays (Fig. 1) , a collection of 8 small coral islets on Jamaica's southern shelf, adjacent to the capital city of Kingston. to September 1997. A 4 cm diameter hole saw, powered by a pneumatic drill, was used to collect short (3 to 5 cm) cores of skeleton and tissue from the tops of coral columns within each colony. Five colonies were sampled at every full and new moon (i.e. approx. every 2 wk) from October 1994 until December 1995. The remaining 10 colonies were sampled at every full moon (i.e. approximately once a month) from April 1995 until March 1996. Samples were then taken for all colonies either monthly or bi-monthly until October 1996, and then at 1 to 6 mo intervals until September 1997. The samples were fixed with 10% seawater formalin for 24 h and rinsed in running tap water for approximately 6 h. Cores were cut longitudinally into two with a rock saw (Contempo Lapidary, Sylmar, CA).
Gametogenesis and fecundity. The portion of each core sample to be used in histological studies of reproductive structures was decalcified in 10% HCl. The soft tissue remaining after decalcification was then washed overnight in running tap water to remove the acid and stored in 70% ethanol (with 1% glycerol) until it was embedded. For each sample, tissue containing 10 to 20 polyps was dehydrated, cleared, and embedded in paraffin. Then serial cross-sections, 8 µm thick, were cut from 5 different levels within the polyps and mounted on glass slides. Slides were stained with Heidenhain's azocarmine-aniline blue (Luna 1968 ) and examined with a compound microscope at 400 ×. The developmental stage of any observed gametocytes was scored according to criteria in Szmant-Froelich et al. (1980) .
For each sample, the slide with polyps containing the greatest expression of gonads (lower mid-section of the polyp) was used to estimate coral fecundity (gonad number and size; Guzman & Holtz 1993) . The size (cross-sectional area) of 5 randomly chosen polyps and the size of their gonads were measured. Images of the polyps were generated with a microscope-mounted video camera (Teachcam w/ illumabase NTSC Rev 6.5, Video Labs, Golden Valley, MN) and captured using a video digitizer (Snappy video snapshot v3.0, Play, Rancho Cordova, CA). Measurements were made on captured images using SigmaScan Pro automated image analysis software (SPSS, San Rafael, CA). Spawning observations. Nocturnal monitoring was conducted on the Port Royal Cays on potential Montastraea annularis spawning nights (based on reports of spawning in the Caribbean; Van Veghel 1994 , Szmant 1991 , after the full moon in August 1994 , September 1995 , and August and September 1996 , an underwater trail that connected the 10 sample colonies of Montastraea annularis on Drunkenmans Cay (Fig. 1 ) was set up. On each monitoring night, observations were made continuously from 18:00 until 00:00 h or until spawning ceased. The times of first and last gamete bundle release at the site were recorded, as well as the occurrence of spawning activity in the sample colonies.
Environmental variables. Water temperature was recorded, at 5 m depth, from April 1995 to December 1996 at Drunkenmans Cay in the Port Royal Cays (Fig. 1) using HOBOtemp miniature data loggers with internal sensors (Onset Computer Corporation, Pocasset, MA). The data loggers were deployed in opaque waterproof cases and further protected in plastic housings with holes at the side to permit water movement. This arrangement prevented light/radiant energy from heating the air space around the data loggers (which leads to erroneous readings; A. Szmant pers. comm.). Calibration accuracy of the sensors was tested by checking the temperature at 0°C with an ice bath. All sensors read within ± 0.12 at 0°C. Light intensity and photoperiod were recorded at the site from April 1995 to March 1996 using HOBOLi miniature data loggers (Onset Computer Corporation, Pocasset, MA). Daily rainfall and temperature data, for the period January 1995 to December 1996, were obtained from the National Meteorological Service station closest to the study site (The Norman Manley International Airport, 3.5 km north of the study site; Fig. 1 ).
Climate data (mean monthly rainfall and air temperature) used in the meta-analysis of spawning observations were obtained from the Global Historical Climate Network and the National Climatic Data Centre Cooperative station databases (see Fig. 4 for the exact locations of and number of years in the utilized data sets).
Statistical analysis. All data were first tested for normality by the Shapiro-Wilk W statistic and by examination of normal probability plots. Violation of the normality assumption was found in the gonad size data. Consequently mean monthly gonad size was correlated with total monthly rainfall, mean monthly water temperature, photoperiod, and light intensity using the non-parametric Gamma statistic (this is preferable to Spearman R or Kendall tau when the data contains many tied observations).
When comparing time of spawning at all sites worldwide, the temperature data were coded to remove differences in absolute temperatures caused by variation in latitude. Temperature for each month at each site was calculated as a proportion (%) of the annual temperature range at that site and then assigned to 1 of 5 distinct categories (0-20, 21-40, 41-60, 61-80 and 81-100% of the temperature range). Total monthly rainfall values were similarly divided into 5 categories, using the highest observed total monthly rainfall (475 mm; September in Northern Taiwan) as the maximum value for the category range; each category represented 20% of this maximum (0-95, 96-190, 191-285, 286-380 and 381-475 mm) . These categorized data on temperature, rainfall and month of prespawning full moons were cross-tabulated and the resulting multi-way frequency table examined by loglinear analysis. All statistical analyses were performed with STATISTICA (V.6, 1998), using a significance level of p < 0.05. All data are presented as means ± SE.
RESULTS

Gametogenesis and spawning
In 1995, gonads (consisting of stage II oocytes) were first observed in sections of material fixed in early June, 14 wk before spawning; at this time the mean gonad size was 15.77 ± 6.75 µm 2 , and gonads occupied 0.80 ± 0.19% of the polyp cross-sectional area. Spermaries (stage II) were not observed until early August, 5 wk before spawning. One wk prior to spawning, the gonads contained full-size oocytes (Stage IV, with vitelline membranes) and spermaries (Stage V, spermatozoa with tails), mean gonad size was 535.01 ± 40.67 µm 2 , and the gonads occupied 34.38 ± 3.40% of the polyp cross-sectional area (Fig. 2a) . After spawning, unspawned gametes were present in the tissues for up to 3 wk before being reabsorbed by the polyp. Unspawned gametes (at 7 d post-spawning) occupied 2.70 ± 0.80% of the polyp cross-sectional area.
Spawning occurred over 1 or 2 d, between Days 6 and 8 after the full moon in August or September or both (Table 2) . However, no full moon in the first 3 weeks of August was followed by spawning, but all 5 full moons from late August to the end of September (during the period 1994-1997) preceded spawning. In 1996, a split spawning event, in which gamete bundles are released in 2 consecutive months, was observed. In ➝ 1996, the full moon occurred very late in August (28), so that spawning actually took place in early September, then again in early October. Analysis of gonad development in 1996 indicated that only 2 of the sample colonies (i.e. 13%) spawned after the August full moon, while 11 of the remaining 13 colonies spawned after the September full moon (2 colonies did not spawn at all in 1996). Mean individual gonad size prior to the predicted spawning time, following the August full moon, was significantly larger for the 2 colonies that spawned after the August full moon than for the other colonies that spawned (508.41 ± 66.82 µm 2 compared with 351.22 ± 38.77 µm 2 ; t = 2.52, df = 11, p < 0.05). In each of the 3 years that spawning observations were made, spawning began between 3 and 4 h after sunset, while spawning duration ranged from 20 to 52 min.
Relationship of reproduction to environmental variables
The trends in temperature, light and rainfall for 1995 and 1996, as well as gonad size and time of spawning, are shown in Fig. 2 . Gonad size is significantly correlated with temperature (γ = 0.70, p < 0.05, n = 24) and light intensity (γ = 0.83, p < 0.05, n = 24), but is not correlated with photoperiod (γ = 0.31, p = 0.13, n = 24) or total monthly rainfall (γ = 0.34, p = 0.12, n = 24). Spawning occurred most frequently after the September full moon, in the month prior to the period of heaviest rainfall, when temperatures were at their maximum. The same pattern is found when the timing of spawning is compared with the long-term rainfall and air temperature data for the area (Fig. 3) .
Relationship of spawning to environmental variables at all geographical locations
The relationships between temperature, rainfall and spawning at all 19 sites listed in Table 1 , are shown in Fig. 4 . Fig. 4 shows that the absolute temperature at which spawning takes place varies considerably (from approximately 23 to 32°C). Spawning, however, occurs at all sites during the warmer half of the annual temperature range. At 16 of the 19 sites this includes spawning at the maximum temperature. The 3 exceptions are Southern Taiwan (Fig. 4g) , the Great Barrier Cairns (16.88°S, 145.75°E; t = 1907 to 1992 r = 1882 r = to 1989 t = 1951 r = 1951 to 1991 ; (j) Townsville (19.25°S, 146.69°E; t = 1940 r = 1951 ; (k) Tavernier (25. 00°N, 80.51°W; t = 1961 to 1990; r = 1936 to 1995) Koror (7.33°N, 134.40°E; r = 1924 to 1990) Reef (Fig. 4i,j) , and the Solomon Islands (Fig. 4r) ; at these sites the maximum mean monthly temperature coincides with the rainy season. Additionally, at the sites with the smallest annual temperature ranges (Maldives, Guam, Solomon Islands, Yap and Palau; Fig. 4p -t) spawning occurs just prior to the peak of maximum rainfall. The timing of spawning (represented by the date of pre-spawning full-moons) in relation to rainfall and temperature at all sites is summarized in Fig. 5 . This shows that coral spawning occurs most frequently at times of high seasonal temperature and low rainfall. The log-linear model of best fit included all 2-way interactions as follows: temperature × rainfall, spawning × temperature, spawning × rainfall (chi-squared = 19.81, df = 16, p = 0.23). The chi-squared test is not significant (i.e. the values predicted by the model are not significantly different from the observed values). One can thus conclude that the model is sufficient to explain the frequency of spawning. Tests for partial association (i.e. the difference between the model with and without the respective 2-way interaction being tested) show that both the spawning × temperature interaction (chi-square difference 61.97, df difference 4, p < 0.0001) and the spawning × rainfall interaction (chi-square difference 13.97, df difference 4, p < 0.01) are significant. Without the spawning × rainfall interaction the overall model (temperature × rainfall, spawning × temperature; chi-squared = 33.07, df = 20, p = 0.03) is insufficient to explain the frequency of spawning (i.e. temperature alone cannot explain spawning). It should be noted that temperature and rainfall have opposite effects on the time of spawning. The likelihood of spawning increases with increasing temperature, but decreases with increasing rainfall.
DISCUSSION
The duration and timing of gametogenesis and spawning for Montastraea annularis in this study are consistent with those found for M. annularis in other parts of the Caribbean (see Table 2 , Fig. 4k ,m-o; Szmant 1986 , 1991 , Van Veghel 1994 , Van Veghel & Bak 1994 , Steiner 1995 , Szmant et al. 1997 ). Gametogenesis in Jamaican M. annularis occurred during a period of increasing water temperature, with spawning taking place 6 to 8 nights following the full moons of August and/or September. The period between the full moon and M. annularis spawning appears to be conserved throughout the Caribbean, Gulf of Mexico and Western Atlantic, with spawning occurring 5 to 8 nights post-full moon at all sites where observations have been made (Wyers et al. 1991 , Gittings et al. 1992 , Van Veghel 1994 , Szmant et al. 1997 ). There does, however, seem to be some geographical variation in the time of year at which spawning occurs, with spawning occurring later in the year at lower latitudes. For example, in 1995 spawning was observed after both the August and September full moons in the Florida Keys (25°N; Szmant et al. 1997 ), but only after the September full moon in Jamaica (17°N). Additionally, while spawning has only been observed after the July full moon on the Texas Flower Gardens (27°N: Gittings et al. 1992 ) and in Bermuda (32°N; Wyers et al. 1991) , it only occurs after the October full moon in Curacao (12°N; Van Veghel 1994) .
While spawning events at all geographical sites occur only in the warmer half of the year (Fig. 4) , there is no consistent pattern of spawning with respect to whether temperature is increasing, decreasing, or at its maximum. For example, in Hawaii (Fig. 4l) and Western Australia (Fig. 4e) spawning occurs while temperatures are increasing towards and decreasing from their maximum values, respectively (Simpson 1985 , Heyward 1986 ). Additionally, in the Red Sea (Fig. 4a) spawning occurs not only while temperature is increasing, but also while it is at its maximum value and while it is decreasing (Rinkevich & Loya 1979 , Schlesinger & Loya 1985 . Further in Southern Taiwan (Fig. 4g) and parts of the Great Barrier Reef (Fig. 4j ) spawning occurs while temperature is increasing and again while temperature is decreasing, but not during the intervening period when temperature is at its maximum (Harrison et al. 1984 , Babcock et al. 1986 , Dai et al. 1992 , Fan & Dai 1995 . With respect to thermal control of spawning time, the condition may be that spawning does not require temperature to be increasing, decreasing or at its maximal value, but rather to be within some optimal range (with some minimum threshold value below which spawning does not occur). This wide range of spawning patterns with respect to temperature also suggests that, in addition to providing sufficient time for gonad maturation (Oliver et al. 1988) , there may be another ultimate factor underlying the proximate factor of temperature. One possibility is that higher temperatures might also increase the rate of larval development. It is well documented that the rate of embryo development is directly related to temperature (within a range of viable temperatures) for a wide variety of ectotherms including other marine invertebrates and fish with pelagic eggs (e.g. Blaxter 1992 , Pennington et al. 1999 . The overall energetic cost of development might also be lowered because of the greatly reduced development time. The advantage of reproducing in the warmest months may be the benefits conferred on the coral by having a shorter development time.
In Jamaica spawning occurred most frequently after the September full moon and prior to the period of heaviest rainfall (October; Fig. 3 ). This is consistent with at least 1 other report of coral spawning: Kenyon (1995) , working in Yap, stated that 'local residents are aware of the mass synchronous spawning of corals from 4 to 8 nights after the full moon just before the wet season'. Indeed, when reports on the timing of annual spawning events around the world (Fig. 4) are interpreted in terms of their relationship to rainfall, one finds 2 patterns. Firstly, spawning never occurs when total monthly rainfall is very high (Fig. 4c,g,i,r) . Secondly, in locations where there is little year-round variation in temperature (e.g. Maldives, Guam, Solomon Islands, Yap and Palau; Fig. 4p-t) , spawning always occurs prior to the peak in annual rainfall. Together, these patterns suggest 2 possible roles for rainfall in the timing of coral spawning. Firstly, that coral spawning is timed to avoid the rainy season, when heavy rainfall would dramatically increase the risk of reproductive failure due to reduced salinity at the water surface; reproductive failure has been shown to be a consequence of reduced salinity in laboratory experiments (Richmond 1993) . Secondly, the fact that spawning occurs prior to the peak in annual rainfall at sites with low temperature variation suggests that, although hazardous to coral gametes, the increased rainfall may be beneficial to coral larvae and/or newly recruited polyps. Birkeland (1982) proposed that outbreaks of Acanthaster planci were related to the terrestrial runoff from heavy rains which added nutrients to the water, stimulated phytoplankton blooms, and provided food for A. planci larvae. Most coral species spawn azooxanthellate gametes which then develop into nonfeeding larvae (review in Richmond 1996) . These larvae are competent to settle within 18 to 72 h and usually remain competent for 3 to 4 wk while identifying a suitable location for settlement. Once settled they metamorphose and become able to feed (which they must do heterotrophically until they acquire zooxanthellae). If the coral recruits do not acquire algal symbionts within 2 wk of settling, they risk being overgrown by algae. Studies by Fitt & Trench (1983) and Schwarz et al. (1999) suggest that zooxanthellae enter through the mouth. If nutrients from rainfall run-off increase not only phytoplankton densities (providing more food for the azooxanthellate polyps), but also the abundance of zooxanthellae in the water column, then the likelihood of coral recruits becoming infected with zooxanthellae (and thus their chance of survival) will be greatly enhanced.
The log-linear analysis of spawning time at 19 geographical locations showed that the effects of temperature and rainfall on spawning time were both significant. The magnitude of the temperature effect was greater than that for rainfall but, on its own, temperature was insufficient to explain the time of spawning. Only when the interaction between rainfall and spawning was incorporated in the model could the timing of spawning be adequately explained. The relationship between temperature and rainfall in relation to spawning can be summarized as follows: the likelihood of spawning events increases with increasing temperature, but decreases with increasing rainfall. During periods of low temperature or high rainfall spawning does not occur, and when the temperature range is small, rainfall is of increased importance in determining spawning time.
Anomalies in the timing of coral spawning (with respect to the traditional interpretation that spawning occurs at times of increasing temperature) can be explained when the effects of rainfall are considered along with those of temperature. For example, on the Great Barrier Reef, in the 2 rainfall regions where most spawning studies have been conducted (the northeastern coast and the central coast), maximum rainfall occurs in January and February, as do the maximum temperatures (Lough & Barnes 1990 , Lough 1994 . The mass spawning in October and November on the northeastern and central Great Barrier Reef thus occurs prior to the season of heavy rainfall. At this time the Great Barrier Reef lagoon is aperiodically inundated with immense freshwater flood plumes that bathe inshore and inner midshelf reefs with low salinity, often turbid waters (Wolanski 1994 , Lough 1998 . Additionally, some Tubinaria species on the Great Barrier Reef spawn between March and May (Harrison et al. 1984 , Willis et al. 1985 , after the rainy season has ended. Further, the bi-annual spawning of 3 Montipora species on the Great Barrier Reef coincides with the period just before and just after the summer rainy season (Stobart et al. 1992) . It therefore appears that the time of spawning on the Great Barrier Reef is deflected to the warmest possible temperatures either before or after (or before and after) the period of heavy rainfall in the summer. In contrast to the situation on the Great Barrier Reef is that in western Australia, where spawning occurs in summer (around the time of peak temperatures) and is not impeded by heavy rainfall, since most of the rainfall at these spawning sites occurs in winter (Lough 1998) .
In Southern Taiwan, the apparently anomalous spawning of Echinopora lamellosa in September and October, while other species spawn in April or May, can again be explained by considering rainfall in addition to temperature. In southern Taiwan, there is heavy rainfall in summer between June and September (Fan & Dai 1995) which can decrease salinity and increase turbidity as a result of terrestrial runoff. Spawning in most species occurs in late April or early May, before the rainy season, while spawning in E. lamellosa is delayed until the end of the rainy season (September or October), a time when conditions are again favorable for the survival of coral larvae.
The data presented here, when compared with the existing literature, thus suggest that temperature is not the only environmental variable controlling the annual timing of coral spawning. Rather, the time of coral spawning is controlled by a combination of temperature and rainfall, with spawning occurring in those periods without heavy rainfall in which temperatures are warmest. The ultimate factors underlying temperature and rainfall are proposed here to be enhanced survival and development of gametes, larvae and recruits. Spawning during the period of warmest water probably enhances the rate of larval development, while spawning during periods of low rainfall reduces the risk of catastrophic reproductive failure caused by gametes coming into contact with rain-diluted surface water. Spawning prior to the peak of heavy rainfall, may also increase the food available for newly-settled, azooxanthellate coral polyps, and the chance of such polyps acquiring zooxanthellae. Consequently, colonies that spawn at the highest temperatures outside of, and prior to, periods of heavy rainfall, have offspring that are most likely to survive and develop.
